The Rotifera, the smallest metazoans in the freshwater plankton, usually have been assumed to be of minimal significance in the trophic dynamics of lake communities.
However, rotifers can make significant contributions to zooplankton biomass and productivity in a wide variety of lakes (e.g. Alimov et al. 1972; Schindler 1972; Winberg et al. 1972; Hakkari 1978; Pace and Orcutt 1981) . There is sufficient qualitative information on the food preferences of algivorous rotifers to strongly suggest that they are highly selective feeders (Dumont 1977; Pourriot 1977; Starkweather 1980) . Thus, intense grazing activity by rotifers may alter the frequency distribution as well as the amount of food available to zooplankton.
We studied the in situ feeding behavior of natural populations of rotifers and other zooplankton in a small, eutrophic lake, using a modified plankton sampler and five radioisotopically labeled foods (see Bogdan et al. 1980 for preliminary results). We here describe the seasonal variation in the clearance rates, patterns of food selectivity, and relative grazing activities of the three rotifers and one crustacean that dominated the zooplankton community of this lake. We thank R. Magnien, C. Williamson, K. G. Porter, and M. Lynch for reviewing and improving the manuscript, M. Bean for technical assistance, and A. B. Farrel for permission to study Star Lake.
Material and methods
The clearance rates of the planktonic rotifers, Keratella cochlea&, Polycwthra vulgaris, and Polyarthra dolichoptera, and the cladoceran, Bosmina longirostris, were measured for cells of five types: Aerobacter aerogenes (2.5 by 0.5 Fm), Rhodotorula glutinis (6.0 by 2.5 pm), Chlamydomonas reinhardi (7.5 pm), Chlorella pyrenoidosa (4.0 pm), and Euglena gracilis (45 by 6.5 pm) ( Chlamy. --L Euglena between 1330 and 1700 hours near a single station in Star Lake (Vermont), a small, eutrophic lake with a maximum depth of about 3.3 m, between May 1979 and February 1980 (Table 1) . Tracer cells were grown and labeled with radioactive phosphorus, %'P or R3P, under axenic conditions (Starkwcather and Gilbert 1977; Bogdan et al. 1980 ). Suspensions of radioactive cells were prepared to produce the desired tracercell concentrations within the grazing chamber (Table 1) as described by Bogdan et al. ( 1980) and stored on ice until used. At the sampling station, a Plexiglas 7.5-liter grazing chamber (Gliwicz 1968; Haney 1971) was loaded with radioactive tracer cells, lowered, and closed. The chamber was raised after a feeding period between 5 and 30 min, depending on the lake temperature. The animals were collected on a 48-pm Nitex net, narcotized with cold (4°C) carbonated water, and preserved in 10% Formalin neutralized with sodium borate. A loo-ml sample of the filtrate was then collected and stored on ice.
Laboratory procedures for preparing the tracer cells and the zoopIankton for Iiquid scintillation counting are given by Bogdan et al. (1980) . Clearance rates (~1. ind-' * h l) were expressed as mean rates * 1 SE of the mean. One-way ANOVA was used to test for significant differences between groups (Sokal and Rohlf 1969).
Our results are precise and accurate. On 14 May 1979, replicate in situ incubations were performed, and the replicate clearance rates of Kerutella, Bosmina, and Daphnia pulex were not significantly different; those of P. vulgaris were (1.1 _+ 0.05 and 1.5 2 0.02 ~1. ind I * h -I). Withinchamber replication was also good. In over 80 clearance-rate estimates, the SE averaged only 7% and rarely exceeded 10% of the mean. The replicate clearance sates of Kerutellu, Polyarthra, and Bos- Zooplankton studied mina on five dates (exp 4, 6, 7, 8, 11) when one type of tracer cell was paired with each of two different types were significantly different in only 4 of the 13 comparisons.
Two of the four were different due to treatment effects (Kerutellu in exp 4a,b and Polyurthru in exp 1la,b; see discussion of particle concentration).
The adsorption of dissolved or cellbound radioisotope by cladocerans or rotifers was probably insignificant (Rigler 1961; Bogdan et al. 1980; Bogdan and Gilbert 1982 , we excluded the Bosmina-yeast data from our analysis. We assayed the radioactivity of the tracer-cell suspensions in the grazing chamber after the short incubation period to compensate any loss of isotope from the algae into the lake water.
Water temperature and dissolved oxygen were measured at 0.5-m intervals (Table 1) . A l-liter water sample was collected at 1 m with an 8.2-liter Van Dorn bottle and a small subsample (50 ml) passed through 48-and 35-pm Nitex nets and mixed 1: 1 with isotonic saline solution. The number of particles between 2.5-and 15-pm ESD (equivalent spherical diameter) was then determined with an electronic particle counter equipped with a 48-pm aperture tube (Table 1) .
Estimates of zooplankton density were based on either three 3-liter samples (9 liters) or one 8.2-liter sample collected at 0.5, 1.5, and 2.5 m within 3 days of each feeding experiment.
The samples were concentrated to about 100 ml by filtration through 48pm Nitex netting (Likens and Gilbert 1970) and fixed in 10% Formalin neutralized with sodium borate. After further concentration of the sample to about 50 ml, a O.l-, l.l-, or 2.2-ml subsample was taken for counting of each species : usually three or two (if 400 individuals were encountered) subsa.mples from each sample were examined.
The dependence of the clearance rates of each species on water temperature, tracer-cell concentration, and natural particle density was investigated by linear regression analysis. Both simple and multiple regression equations were computed using programs developed by the Dartmouth College Time Sharing System following the procedures of Draper and Smith (1966) .
The D-value (Jacobs 1974) was used as the selectivity index. D has maximum values of + 1 for positive preference and -1 for negative preference. D = (r -p)/ (r + r, -2rp), where r is the fraction of a given food in the ration and p is the fraction of the same food in the environment.
Results
Individual clearance rutes-The clearance rates of K. cokhleuris, P. vulgaris, and P. dolichopteru ranged from co.002 to 9 ~1' ind-l. h-l depending on type of cell and water temperature (Fig. 2) Clearance rates of all four species depended strongly on water temperature ( Fig. 4 ; Table 2 ). Two distinct relationships were evident in the KeratellaChlamydomonas data. In May and June, the clearance rates of Keratella were not significantly dependent on temperature, although a large percentage (73%) of the variation in the data was explained by the regression equation. From August to February, clearance rates of both Keratella and Bosmina on Chlumydomonas and also of Keratella on Rhodotorula showed a highly significant linear dependence on temperature.
The clearance rates of P. vulgaris during May and June were also significantly dependent on temperature, but the rates of P. dolichoptera from November to February were not. The slopes of five of the six regression lines were very similar ( Table 2 ).
The clearance rates of Bosminu and Keratelln on Chlamydomonas cells were inversely related to the concentrations of both Chlamydomonas cells and natural particles between 2.5 and 15-pm ESD (Table 3 ). For both species the percentage of the variation explained by a multiple regression equation approached 100% (87% in Keratella and 89% in Bosmina) when these variables were included with temperature in the analyses. Specifically, water temperature, Chlamydomonas concentration, and natural particle density accounted for 74, 8, and 5% of the variation in the data for Kerutellu and 68,9, and 12% of the variation in the data for Bosmina. Multiple regression equations for the clearance rates of both species were highly significant (P < O.OOl), and of the six partial regression coefficients only that describing the influence of natural particle density on Keratella's rate was not significant. There were no significant correlations between any two of the three independent variables.
Populution clearance rates-Population densities were estimated for K. cochlearis, P. dolichoptera, P. vulguris, and 23. 15 dates. Clearance rates were estimated for individuals of each species at each depth on these dates.
We assumed that lake conditions did not vary significantly between the days (3 or less) when population densities and individual clearance rates were determined and, thus, that we could couple these two estimates to obtain population clearance rates. The individual estimates were based on the ingestion of Chlnmydomonas cells because the rates of all four species were highest on these cells and because they were used on all the experimental dates. Clearance rates were measured only at 1.0 m, so extrapolations to other depths were needed. No corrections were made for minor variations i,n dissolved oxygen with depth. The clearance rate estimates for each species at each date and depth were corrected for the temperature at that date and depth with one of three methods. The clearance rates of Kerutella and Bosmina from August to February were estimated from two-variable regression equations (C = 0.154T -0.125K + 1.243 for K. cochleuris and C = 0.127T -0.095R + 1.891 for B. longirostris; P < 0.001 for both equations), using the temperature data Table 2. recorded at each date and depth and setis from May to 4 October were estimated ting Chlamydomonas concentration at 5 from the appropriate temperature regrescells .,x1-l. The clearance rates of Keru- sion equations (Table 9 , using temperatelZa during May and June and P. uulg~r- ture data recorded at each date and depth. The small temperature range of the regression equations required us to assume that the equations held at temperatures 3°C above and below the temperatures used in the original regression analyses. Finally, the clearance rates of Bosmina during May and June and P. dolichoptera from November to February at each depth were assumed to equal the rate measured at 1.0 m on the feeding experiment date closest to each population sampling date only if the two temperatures were within 3.5"C of each other. Of the 135 date and depth combinations of population density and individual clearance rate (3 species x 3 depths x 15 dates), 46,20, and 21% were made with the first, second, and third methods; 13% were not made, because either temperature fell outside the previously defined limits (12 times) or dissolved oxygen values were below the near-saturation levels generally encountered (6 times).
Population clearance rates for each species at each date and depth over a 24-h period were calculated with the equation:
where PCR is population clearance rate (liters. liter-l. d-'), ICR individual clearance rate (liters. ind-l * h-'), and PD population density (indsliter-l).
Thus, these population clearance rates or grazing rates (Haney 1973) represent the feeding activity of a group of animals, either of a single species or of several species, expressed as the proportion of the suspension (natural lake water) swept clear of particles per day. We assumed there were no rhythmic diel variations in the clearance rates of Keratella, Polyarthra, and Bosmina (Starkweather et al. unpubl.) . Finally, population clearance rate estimates for each species were combined to yield a three-species community clearance rate for each depth and date, which was then partitioned among the three species to obtain the relative contribution of each species at each depth on each date (Fig.  5) .
Grazing rates at all depths peaked in August and ranged from 0.34 to 1.07.d-' (Fig. 5) . Rates from October to December were moderate (generally 0.10-0.20 * d-l) at each date and depth and lowest from January to June (often <O.lOa d-r). Variation in grazing activity with depth was considerable from August to October but low for the rest of the year. Several patterns concerning the relative importance of the species are clear. First, Keratella was the primary grazer at all three depths on many dates throughout.
Bosmina and early June for Bosmina, December and January for Polyarthrn spp. Second, the relative importance of Bosmina usually increased with depth; its maximum contribution was frequently at 2.5 m. Third, Kerutella was the dominant grazer at times when the absolute clearance rate of the three-species community was at its highest (August and September), and it accounted for about 80% of the water filtered by all four species at each depth during the entire experimental period (Table 4) .
Discussion
Individuul cleurunce r&es-The in situ clearance rates of Kerutellu, Polynrthm, and other planktonic rotifers are gener- ally between 1 and 9 ~1. ind-' * h-l ( Fig.  2 ; Bogdan et al. 1980; Starkweather and Bogdan 1980; Gilbert and Bogdan 1981, in press ). Nauwerck (1959) reported clearance rates between 0.1 and 1.2 ,ul . ind-1. h-l for a mixed population of rotifers. Haney (1973) noted a rate of 0.3 ,ul n ind-1. h-l for Kellicottiu sp. Thus, our maximum rates are about 10x as high as rates published by others.
The clearance rates of Bosmina were generally < 10 ~1. ind-'. h-l (Fig. 2) and were significantly lower than expected for a cladoceran from 360 to 420 pm long. However, they were within the lower range of values reported for individuals from eutrophic lakes (Table 5 ). Star Lake is eutrophic, and the clearance rates of Bosmina in this and other such lakes may be reduced by high food concentrations (see below).
There was relatively little difference in the clearance rates of the rotifers and Bosmina. The mean rates (for Chlamydomoncls cells) on the six occasions when all three species were present were 3.2, 1.4, and 1.2 /A-ind-' *h-l for Bosmina, Kerutella, and Polyurthra.
These data are inconsistent with the theoretical relationship describing zooplankton maximum clearance rates as a square to cube function of body length (Hall et al. 1976 (Fig. ,2) . Naumann (1918) also observed that Keratellu but not Polyarthra ingested bacteria-sized particles of carmine or india ink, and Pourriot (1965, 1977) noted that Kerutellu but not Polyarthra ingested detritus and its associated bacteria. Therefore, Kerutella appears to ingest a broad range of particles, including those lacking chlorophyll, while PoZ yarthru appears restricted primarily to large flagellated algal cells, Kerutella, for example, has a band of cilia around the rim of the corona (the circumapical band) and a densely ciliated buccal funnel in the center of the corona (Gossler 1950) . Currents created by the circumapical band bring particles to the buccal funnel. The cilia of the buccal funnel remove particles from these currents and then transport them down to the apex of the funnel, where they can be taken into the mastax and crushed. The corona of Keratellu, and other brachionids such as Bruchionus (Gilbert and Starkweather 1977) , seems designed to collect and process many particles at once and to efficiently handle a wide variety of sizes and shapes.
In contrast, the corona of Polyarthra lacks a ciliated buccal funnel and has a reduced circumapical band. Thus, Polyarthra must differ from Keratellu in the way it collects and processes particles. It relies on its highly specialized mastax to capture individual cells that reach the coronal area. Apparently, the flexing of the muscles of the mastax creates a suction that pulls the cells into the trophi For transfer to the gut (Edmondson 1965). We suggest that a threshold stimulus, tactile or otherwise, must be received by receptors on the corona before the mastax will respond.
We cannot provide definite explanations for the selective feeding reported here. The types of tracer cells we used varied greatly in many respects, including size, shape, volume, presence of fla-. gella, texture, and chemistry. These different features could be important in determining the extent to which the cells elicit specific feeding behaviors and also the efficiency with which the cell can be captured, collected, or ingested. However, we offer some preliminary explanations.
Differences
in particle size are a key distinguishing feature among the types of tracer cells we used (Fig. 1) . Such differences influence the ingestion rates of many species of zooplankton (Hall et al. 1976) . Size-selective feeding occurs in all primary consumers and is a necessary consequence of the inability of a feeding structure to handle all particle sizes with equal efficiency.
The size differences among the tracer cells we used probably were large enough to influence the mechanical efficiencies at which the various cells could be handled by the feeding apparatus of each species.
Critical food characteristics cannot be limited only to size. The avoidance of Chlorella probably was due to its chemical composition rather than its size or shape, because the latter were similar to those of the readily ingested cells of Chlamydomonas and Rhodotorula. Chlorella is probably unpalatable to Keratella and Bosmina (Edmondson 1965; Gilbert and Bogdan 1981) . Polyarthru may have failed to ingest Aerobacter, Rhodotorula, and Chlorella because these cells are too small (Aerobacter), too rigid (Rhodotorula), or too unpalatable (Chlorella) to trigger the mastax response. These cells also lack flagella, which somehow greatly increases the probability that a cell will be ingested by Polynrthrn (Gilbert and Bogdan 1981) .
The seasonal variation in the selective feeding behavior of Kerutella and Polyarthru on Chlamydomonas and yeast was small (Fig. 3) . This suggests that their selectivities for the two types of tracer cells were generally independent of seasonal changes in environmental variablesperhaps most notably water temperature and natural particle quality and concentration. Thus, the ingestion rate of Keratella for each type of cell changed as a function of water temperature (Fig. 4) , but the rates of change were similar (Table  2 ). This suggests a stereotypic feeding behavior.
Wuter temperature-The inhibitory influences of low water temperature (Fig.  4) Gulati (1978) found none for four species of cladocerans. was in January that P. dolichoptera showed its seasonal maximum of 4,800 ind. liter-'. The ability of the population to increase during winter, when P. vulgaris was absent, must be based on the ability of the individual to ingest food in excess of maintenance requirements. This ability is the result of long term genetic changes and seasonal physiological or biochemical adjustments that allow temperature compensation in feeding rate and other physiological processes. We suspect that the differential responses of the two species to temperature is a key to their temporal separation since they are extremely similar in shape, size, and structure. Further investigation into genetic, physiological, and biochemical responses of zooplankton species to tcmperature change will probably be essential to understanding how temperature affects competitive interactions and seasonal succession.
These field rates are valuable because laboratory studies are severely limited by problems of acclimatization and unknown interactions between temperature, other variables, and feeding rates. Armitage and Lei (1979) , for example, found that the clearance rates of a natural population of Duphnia ambigua did not show a monotonic increase with water temperature and a decline beyond the thermal stress point. Rates at 6.5", lo", and 11°C were higher than those at 13°C while rates at 10" and 11°C were about equal to those at 18°C. They concluded, on the basis of field and laboratory studies, that temperature acclimatization was the underlying mechanism that enabled the cold-acclimatized population to filter at such relatively high rates.
All suspension-feeding zooplankton produce a flow of water and food particles across their food-gathering apparatus. There is great diversity in how these currents are produced and in the structures that manipulate the food particles once they are extracted from the water. Rotifers, for example, use their coronal cilia, cladocerans their thoracic limbs. Nevertheless, the rate of change in clearance rate with change in temperature was similar for B. longirostris, P. dolichoptera, P. vulgaris, and K. cochlea& (August-February) feeding on Chlumydomonas and K. cochlea& feeding on yeast (Table 2 ). Temperature could affect water transport rate by a direct effect on biochemical reactions, by altering the physical state of water, or both. Regaydless, there seems to be a convergence among the poikilothermic species in Star Lake in their ability to make enzymatic and physiological adjustments to seasonal changes in water temperature. We have found a similar pattern in our
Particle concentrution-The clearance data. Two species of the genus Polyarthra, P. dolichoptera and P. vulgaris, rates of Bosmina and Keratella feeding showed similar clearance rates at two very on Chlnmydomonus were reduced when different temperatures, 6"-7°C and 19"-concentrations of Chlamydomonas and 20°C (Fig. 4) . It is not coincidental that it natural particles were high. Regression analyses showed that increases in Bogdan and Gilbert Chlumydomonas from 5 to 10 or 15 cells m I-J l significantly reduced the clearance rates of both Keratella (P = 0.02) and Bosmina (P = 0.01). Natural particle concentrations above 61.~1~~ had a significant (P = 0.008) and almost significant (P = 0.11) effect on the rates of Bosmina and Keratella, respectively. Increases above the lowest experimental concentrations (Chlamydomonas, 5 cells. ~1-1, natural particles, 61 particles * $1) almost certainly depressed the clearance rates of both species below their physiologically maximum values. Clearance rates of Polyccrthra spp., however, were independent of concentrations of either Chlamydomonas or natural particles. We cannot determine from our field data what regulatory mechanisms might be responsible for the inhibitory 'effect of high particle concentrations. These mechanisms certainly involve reductions in filtration rate, filtration efficiency (Hall et al. 1976 ), or both. Increased concentrations of edible cells could overload the feeding apparatus and cause filtering efficiency to decrease even though the behavior of the animal did not change. Alternatively, increased concentrations of edible cells could stimulate behavioral modifications which would reduce the filtration rate, filtration efficiency, or both. Water transport rates could decline if the rate of ciliary or thoracic-limb beat slowed or became intermittent.
Efficiency could decline if the frequency of food rejection increased. Both mechanisms require negative feedback to stimulate behavioral changes. Changes in available food might be sensed by the individual through neural receptors, which detect particle collision frequency, or through stretch receptors, which detect the volume of ingested food.
High concentrations of natural particles also could reduce clearance rates if significant concentrations of inedible or unpalatable cells were present. The rejection of such cells could interrupt the feeding rhythm and thereby reduce the filtration rat-e, filtration efficiency, or both (Burns and Rigler 1967; Gliwicz 1977; Webster and Peters 1978; Porter and Orcutt 1980) . However, we suspect that the major cause for the reduction of clearance rates at high particle concentrations was the greater availability of food. The presence of alternative food (tracer cells) can decrease clearance rates: Keratella's rate on Chlamydomonas was =3.5x higher when it was paired with 100 bacteria instead of 100 yeast cells*$1 (exp 4: Table  1 , Fig. 2 The insensitivity of Polyarthra's clearance rate to concentrations of Chlumydomows and natural particles could result from its feeding mode and its restricted diet. We believe that Polyarthru was insensitive to Chlamydomonas concentration because its raptorial feeding behavior resulted in an encounter rate that was never high enough to saturate feeding sites or gut capacity. Furthermore, the diet of Polyurthra is restricted primarily to phytoflagellates; the number of natural particles that constitute its potential food items could be much smaller than for either Keratellu or Bosmina and the concentration of natural particles may not have been high enough to inhibit the uptake of Chlamydomonas.
For example, Polyarthra did not show the drastic decline in clearance rate on Chlumydomonas when 100 yeast cells.& ' were present (exp 4: Table 1, Fig. 2 ) because Polyarthru does not ingest yeast at significant rates and thus was not exposed to a significant increase in available food. However, the clearance rates of Polycwthra are sensitive to high concentrations of other particles. Its clearance rate on Chlumydomonas cells w~is significantly lower &hen these cells were paired with Euglena than when they were paired with yeast (exp lla,b: Table 1 , Fig. 2) , and 73% more tracer-cell volume was ingested in the Euglena chamber than in the yeast chamber. Therefore, a high level (2.5~ more volume than the highest Chlamydomonus concentration)
of an alternative food can reduce the uptake of Chlnmydomonas by Polynrthra. The inhibitory effect of Chlamydomonas concentration on the clearance rates of Bosminu and Kerutella suggests that the rates we determined using concentrations even as low as 5 Chlamydomonas cells. pl-l probably are slight underestimates. Clearance rates of Bosmina may be severely affected by the concentration of natural particles (DeMott 1981) . Our regression model predicts a rate of 3.5 ~1. ind--l .h-I f or Bosmina feeding in Star Lake at 15°C on 5 Chlamydomonas cells and 92 natural particles *pi-l. DeMott obtained a rate of 200 ~1. ind-' * h-' for Bosmina feeding in a pure suspension of Chlamydomonas at 15°C and 5 cells * ,ul-l. Thus, Bosmina probably is filtering well below its maximum rate in Star Lake. We suggest that such a dramatic reduction is caused by the presence of many edible particles in the natural suspension.
We believe that the clearance rates of Bosmina and Keratella would be higher if the experiments were repeated at lower concentrations of natural particles with the same concentrations of Chlamydomonas. We suspect that this is why the Bosminu rate measured during May was higher than expected from the regression analysis and why a separate regression describing the dependence of Keratella's clearance rate on temperature was required for the May and June data.
Population clearance rcctes-Keratella accounted for about 80% of the annual grazing activity of the three major species of zooplankton (Table 4 , Fig. 5) ; this dominance was due to its high population densities and individual clearance rates. Its clearance rates were higher than Polyarthra's and only slightly lower than Bosmina's.
Although Nauwerck (1963) calculated that rotifers dominated the grazing activity in Lake Erken from January to May, the absolute gl'azing rates during that period were low and the major overall grazing impact was due to the crustaceans. Other workers (Haney 1973; Gulati 1975 Gulati , 1978 did not isolate rotifers and thus could not evaluate their relative importance.
Assessing clearance rates on a variety of types of tracer cells minimized the possibility that our conclusions were severely biased by the choice of cells. Chlamydomonas, the one ingested most efficiently by Keratella, Bosmina, and Polyarthra, is a spherical, small, thinwalled cell that should be readily ingested by most suspension feeders. Phytoflagellates are known to be preferred by Polyarthra and Keratella, and Chlnmydomonas is of a size that should be ingested at a relatively high efficiency by Bosmina coregoni (Gliwicz 1977) . Our perception of the importance of rotifers, however, would not be significantly altered if comparisons had been based on the uptake of cells smaller (yeast) and larger (Euglena) than Chlumydomonus. Finally, the presence of crustaceans in Star Lake other than Bosmina was sporadic and short-lived.
Thus, the primary consumers of at least Chlamydomonaslike phytoplankton in Star Lake were the rotifers.
The seasonal and vertical patterns of grazing activity that we found were qualitatively similar to those reported by Nauwerck (1963 ), Haney (1973 , and Gulati (1975 Gulati ( , 1978 and allow for four generalizations.
First, maximum grazing activity generally coincides with the maximum population densities of the major suspension-feeding zooplankton, These species include K. cochlearis in Star Lake, E. gruciloides in Lake Erken (Nauwerck 1963), several cladocerans including D. galeatcl, D. rosea, B. longirostris, and Ceriodaphnia quadrangula in Heart Lake (Haney 1973), and Bosmina and Daphnia spp. in Lake Vechten (Gulati 1978) . Th us Rotifera, Cladocera, or Copepoda may dominate grazing activity, at least for a short period. Ciliated pro-tozoans probably also have this potential (Heinbokel and Beers 1979) . Second, grazing activity is generally maximal in the summer, probably as a consequence of high population densities and water temperatures.
Third, grazing rates are minimal in the winter when water temperature and zooplankton population densities are low. Fourth, grazing rates vary significantly with depth during periods of vertical heterogeneity but insignificantly when the lake is well mixed, more as a result of variation in the vertical distribution of the zooplankton than of the direct effect of temperature on clearance rates. This conclusion may be biased by the shallow lakes studied. We cannot comment on the degree of horizontal variation, as studies were restricted to one site. The primary factor determining the spatio-temporal pattern of grazing activity in all systems studied to date is the population density of the major suspension-feeding zooplankton. Mortality in algal populations caused by grazing of suspension-feeding zooplankton may be important to phytoplankton population dynamics. We calculated grazing rates as high as 100% per day for isolated samples. Although our results are based on the uptake of Chlumydomonus cells, we believe that these rates could be applied to other algae which are spherical or near-spherical and 5-10 pm in diameter. Thus, the zooplankton community of Star Lake can probably exert intensive grazing pressure on selected portions of the nannoplankton community. However we do not have data on phytoplankton sinking and renewal rates, also needed for accurate estimates of the effect of grazing pressure on phytoplankton populations. Many workers have inferred or documented the ability of suspension-feeding zooplankton to affect the composition and availability of the phytoplankton community in a wide variety of lakes, and the most intense grazing pressure is frequently on spherical or near-spherical, unicellular nannoplankton (Porter 1973 (Porter , 1977 . Rotifer grazing in small ponds or artificial microcosms can dramatically reduce the standing crop of the dominant nannoplankton species in a few days (Diffenbach and Sachse 1911; Pennington 1941; ~to 1955; Ito and Iwai 1957) . We believe that such a phenomenon could occur in Star Lake and in other rotifer-dominated lakes. The importance of the nannoplankton to the functioning of lake systems has been overlooked and underestimated (Kalff 1972; Munawar and Munawar 1975; Paerl and MacKenzie 1977) . Because nannoplankton have higher rates of productivity per unit biomass than the net plankton, their higher potential growth rates (Stull et al. 1973; Gutelmacher 1975) enable them to contribute a greater percentage of community productivity than predicted from their biomass (Kalff 1972; McCarthy et al. 1974; Gutelmacher 1975; Dubin et al. 1975) . Consequently, significant grazing pressure on the nannoplankton by rotifers may be more important to phytoplankton population dynamics than predicted from losses to phytoplankton biomass. The recycling of nutrients by zooplankton is probably necessary for the high phytoplankton production rates in natural waters during the summer and thus may have as much influence on phytoplankton population dynamics as grazing (Lehman 198Oqb; Redfield 1980) . Makarewicz and Likens (1979) have shown that rotifers are significant components of the phosphorus cycle in Mirror Lake. Rotifers are important in nutrient recycling because of their high intrinsic metabolic rates. Because Keratella has much higher clearance rates per unit biomass than does Bosmina (5 to 13 times higher), it probably also excretes phosphorus at a higher rate per unit biomass (cf. Johannes 1964). Rotifers are thus more important in both grazing activity and nutrient recycling than predicted from their contribution to the total zooplankton biomass.
We hope that this paper will stimulate further investigations of the feeding behavior of rotifers on the nannoplankton. The ingestion of small, short-lived, highly productive, easily ingested and digested algal cells by small, short-lived but highly productive rotifers may be a major pathway of energy flow and nutrient cycling in lake systems. The importance of such microzooplankton in the transfer of energy and nutrients in oceanic systems has not been overlooked (e.g. Heinbokal and Beers 1979).
